Abstract: The phytotoxic activity of cafenstrole [1-(diethylcarbamoyl)-3-(2,4,6-trimethylphenyl sulfonyl)-1,2,4-triazole] on rice and barnyardgrass (Echinochloa crusgalli (L.) Beauv, var. formosensis Ohwi) seedlings emerging from various soil depths was investigated in relation to its behavior in the soil, when cafenstrole was applied into flooding water under water leakage conditions, the
galli (L.) Beauv, var. formosensis Ohwi) seedlings emerging from various soil depths was investigated in relation to its behavior in the soil, when cafenstrole was applied into flooding water under water leakage conditions, the growth of rice was markedly inhibited when the seedlings emerged from the top soil layer but scarcely inhibited when they emerged from deeper soil layers. In contrast, the growth of Barnyardgrass was remarkably inhibited. In barnyardgrass, the shoot basal part and coronal roots grew in association with the first internode elongation in the soil surface layer from seeds located in layers of various depths. Herbicide-treated layer was clearly formed in the top layer and the herbicide present in the soil water was found only in this layer when cafenstrole was applied into flooding water under water leakage conditions. After soil-mix application with cafenstrole, the herbicide was distributed almost homogeneously in all soil layers, and a sufficient concentration to inhibit plant growth was retained in the soil water of each layer. In this system, the growth of rice seedlings emerging from each layer of soil was similarly inhibited, and not dependent on the emergence depth, as true of Barnyardgrass. It was suggested that the phytotoxic activity of cafenstrole on the growth of Barnyardgrass depended on its absorption from the herbicide -treated layer through the basal part of the Introduction Cafenstrole [1-(diethylcarbamoyl)-3-(2,4, 6-trimethylphenylsulfonyl)-1, 2, 4-triazole] is a herbicide recently developed for selective control of annual weeds, especially for Barnyardgrass (Echinochloa crus-galli (L.) Beauv. var. formosensis Ohwi) in transplant-ed rice paddy fields3,4). Kanzaki et al.3) showed that inhibition of the growth of barnyardgrass was remarkable when the seeds were placed in and below the soil layers mixed with the herbicide, but was not appreciable when they were placed above the soil. It has been reported that the herbicidal activity of several herbicides on the weeds largely depended on contact with the roots and the basal parts of shoots in the herbicide-treated layer10-12). However, the distribution of cafenstrole in soil has not yet been investigated in relation to its herbicidal activity.
Barnyardgrass is one of the most troublesome annual weeds in paddy fields in Japan. It has been reported that barnyardgrass can emerge from soil of 8 cm depth under suitable soil moisture conditions5), and that this emergence depended mostly on the elongation of the first internode with coronal roots to the topmost layer of soil, regardless of the depth at which the seeds were planted in the soil. It has been suggested that the selectivity of caf enstrole between transplanted rice and barnyardgrass might be induced by "placement selectivity" independent of the emergence depth of the weeds in paddy f ields3. However, no information is available about the effect of cafenstrole on the growth of seedlings emerging from various soil depths or about its behavior in soil in relation to the selective phytotoxic activity. It was revealed that the phytotoxic activity of herbicides applied to soil was induced by their concentration in soil water but not by the total amount in soils-9.
The objective of the present study was to evaluate the behavior of cafenstrole in soil and its concentration in soil water in relation to its phytotoxic activity on the growth of rice and barnyardgrass seedlings emerging from various soil depths.
Materials and Methods

Plant materials and bioassay
Air-dried, sieved Yawara paddy soil (light clay, organic carbon content 2.71% and CEC 16.0cm (+)/kg)9), and rice (Oryza sativa L.
cv. Nipponbare) and barnyardgrass (Echinochloa crus-galli (L.) Beauv. var. formosensis Ohwi) were used in this study. Rice and barnyardgrass seeds, in which the dormancy had bee broken, were placed on a filter paper moistened with water for germination in a petri dish at 30C under a dark condition. The germinated seeds of both plant species were planted at 0-, 1.0-. and 2.0-cm depths in soil in polyethylene pots (10.5cm in height and 3. 1 cm in diameter) and placed in an incubator (25C in 14 hours-illumination at about 280 11E/m2/sec. and 20C in the dark for 10 hours) for 8 to 10 days until the seedlings reached the 2-leaf stage, and then they were washed gently with water and used for the bioassays.
Caf enstrole application to soil was conducted by two different methods, soil-surface application and soil-mix application. In soilsurface application, the air-dried soil was put into a polyethylene pot with holes at the bottom, which was composed of two parts lengthwise. The soil was supplied with water and puddled in the pot, the pots were allowed to stand for 24 hours, and then the flooding water was kept at 1 cm by adding it from the bottom. By dividing the pot into two parts, the rice and barnyardgrass seedlings were transplanted to soil at the depth corresponding to the emergence depth in the previous culture; the seeds were placed just below each planting depth and the roots were located at a lower depth than the seeds. Cafenstrole dissolved in acetone was applied at a dosage of 600 g a. i. /ha into flooding water to reach a 2 cm depth with a final acetone concentra-tion oil %. Water leaked from the bottom of the pot at the rate of 1. 5 cm/day every day and the same volume of water was supplemented into the flooding water.
In soil-mix application, 200 g of the soil was put into 500 ml of aqueous cafenstrole solution at a concentration of 3 x 10-5 M with 1. 0 % acetone, and mixed thoroughly in a beaker (the soil sample is hereafter referred to as applied-soil). The applied-soil was put into polyethylene pots without holes in the bottom, the pots were allowed to stand for 24 hours and the paddy water was pipetted off until the depth was several mm. Transplanting of the seedlings was conducted as in the case of similarly to soil-surface application.
In both bioassays, the pots were placed in the incubator for 4 days and the shoot length of each seedling was measured, since the effect of cafenstrole on shoot elongation is an important parameter of phytotoxic activity3'. Shoot elongation of each seedling was calculated by subtracting the initial length from the shoot length measured at the end of the bioassay. Experiments were carried out with three replications.
Distribution
of cafenstrole in soil Distribution of cafenstrole in soil was examined by the soil-surface and soil-mix applications, as described above. In both experiments, a column composed of 10 pieces of a vinyl chloride ring (1 cm in height and 10 cm in diameter) was used13, instead of the polyethylene pot in the bioassays. In both applications, the soil in the pot was divided into 1 cm segments at designated days after the treatment. Each soil layer was centrifuged in double tubes at 13, 000 x g to separate the soil water collected in the outer tube and the soil remaining in the inner tubes (hereafter referred to as "centrifuged-soil"). After centrifugation, the soil water was immediately prepared for high performance liquid chromatographic (HPLC) analysis.
Cafenstrole in the centrifuged-soil was extracted with acetonitrile and the extracted solution was used for HPLC analysis. The amount of cafenstrole was determined using a HPLC (Shimadzu 10 A liquid chromatograph) equipped with a Tosoh Inertsil ODS-2 analytical column (a 250 x 4. 6 mm), a Shimadzu UV spectrophotometric detector operating at 242 nm and a chromatocorder. The mobile phase (1 ml/min) was composed of acetonitrile and water (60:40, v/v). The detectable limit of cafenstrole was 0. 03 nmol/ ml and the recovery exceeded 90 %. The amount of cafenstrole adsorbed on the soil solid in the centrifuged-soil was calculated in the same way as in the previous report.
All the treatments were conducted with three replications.
Results and Discussion
The phytotoxic activity of cafenstrole by soil-surface application on the shoot elongation of both plant species is shown in Fig. 1 . In rice, the growth of the seedlings emerging from the soil surface was markedly inhibited while that of seedlings emerging from a depth of 1 and 2 cm was hardly inhibited. On the contrary, the growth of barnyardgrass seedlings was strongly inhibited regardless of the emergence depth although the inhibition degree was slightly lower for those emerging from the deeper layers than for those emerging from the surface. In the top soil layer, the basal part of shoot, coronal roots and first internode with roots of barnyardgrass was observed, regardless of the emergence depth, as reported by Dawson while these parts of rice seedlings were not present. These results indicated that the susceptibility of rice depended on the emergence depth unlike that of barnyardgrass, supporting the assumption that the selectivity of cafenstrole between barnyardgrass and transplanted rice in paddy fields was mainly due to the lack of absorptive parts in rice, when the plants were transplanted in deeper soil layers24. Figure 2 shows the downward mobility of caf enstrole in soil after soil-surface application. In the flooding water, the concentration was the highest 1 day after the application and it decreased with time. Cafenstrole was detected in the 0-1 cm layer but not in the, deeper soil layers. The amount of cafenstrole adsorbed on soil solid scarcely decreased with time whereas the concentration in soil water decreased remarkably. These results demonstrated that little downward mobility of cafenstrole occurred in soil under a water leakage condition, resulting in the topmost formation of the herbicide-treated layer, as observed with thenylchlor [2-chloro-N-(3-methoxy-2-thienyl) methyl-2', 6'-dimethylacetanilide]13) and pretilachlor [2-chloro-2', 6'-diethyl-N-(2-propoxyethyl) acetanilide]9). It was reported that the Vertical bars represent the SE of the mean. Mean shoot elongation values (mm) for each group of control seeding were 100. 0+4. 9 at 0 cm, 132. 7+8. 4 at 1 cm and 132. 3+11. 9 at 2 cm in rice, and 37. 8+8. 0 at 0 cm, 52. 7+2. 9 at 1 cm and 49. 1+7. 9 at 2 cm in barnyardgrass, respectively. Cafenstrole in soil water (nmol/ml) Cafenstrole in soil solid (nmol/g dry soil)
phytotoxic activity of cafenstrole induced by contact with the foliage was very low3. These findings suggested that caf enstrole present in soil water in the herbicide-treated layer was absorbed by barnyardgrass in sufficient amount to induce inhibition independent of the emergence depth, in contrast to rice which emerged from the soil below the herbicide-treated layer. With the soil-mix application, inhibition of the growth of barnyardgrass by caf enstrole was slightly more for the seedling emerging from deeper layers, as in the case of rice (Fig.   3 ). The inhibition degree was slightly greater in barnyardgrass than in rice. These results indicated that the inhibition of growth of both plants by cafenstrole was not closely associated with their emergence depth from soil, suggesting that rice seedlings showed a remarkable susceptibility to cafenstrole when the herbicide was applied throughout the soil in which the shoot basal parts and the roots were present, as true of barnyardgrass. Figure 4 shows that the distribution of cafen- Cafenstrole in soil water (nmol/ml) Cafenstrole in soil solid (nmol/g dry soil) 
